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Abstract 

 
Chromatographic techniques for the separation and 

quantitative characterization of petroleum are discussed in 
this paper. Specifically, scope, applicability, and 
versatility of individual techniques such as gas 
chromatography, liquid chromatography, supercritical 
fluid chromatography, thin-layer chromatography, and 
size- exclusion chromatography are discussed for 
qualitative and quantitative estimation of crude oil. These 
techniques simplify the characterization of complex crude 
oil samples by incorporating multiple separation 

mechanisms and detection schemes. GC was found most 
promising techniques compared to others while other 
techniques needed more research and commercialization 
to be done.  
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1. Introduction 

 

Various chromatographic techniques are 

being applied for the characterization of 

petroleum products. These techniques are 

applied to separate and determine 

individual compounds in crude oil. 

Chemical groups rather than individual 

molecules determine chemical properties of 

crude oil. With hydrocarbon type analysis 

(HTA), the quality of the fuel or oil, can be 

determined. Almost all petro fuels have 

some polar components, e.g. nitrogen, 

oxygen, and sulfur compounds. They may 

exist from ppm to percent levels in various 

samples and determine the quality of 

petroleum fuel. Petroleum are fractionated 

according to their boiling points by 

distillation methods. Depending on boiling 

point, fractionated products can be 

categorized as: light distillates, middle 

distillates, and heavy distillates. All 

gasoline range materials and naphtha’s are 
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defined as light distillates. The middle 

distillates are defined as diesel, jet fuel, and 

kerosene range samples. Heavy distillates 

can be distillation cuts from vacuum gas 

oils.  Chromatographic techniques often 

have some limitations including inadequate 

resolving power, low volatility, low 

solubility of the components in the 

chromatographic mobile phase, strong 

adsorption of sample components on the 

stationary phase, or low detector 

sensitivity. The paper discusses 

applicability and limitation of 

chromatographic techniques. 

 

Gas Chromatography  

 

Gas chromatography is used to analysis 

petrochemical fuel to meet environmental 

regulations. Gas chromatographs can be 

operated over a wide range of temperatures 

(typically, from –50°C to 430°C), thus 

wide range of petroleum products can be 

analyzed. A list of major GC methods 

approved by the American Society for 

Testing and Materials (ASTM) given in 

Table 1, reflects the wide variety of GC 

applications for petroleum-related 

materials. Flame ionization detection (FID) 

is applied extensively in the GC analysis of 

petroleum samples.  Instability of a GC 

column at high temperature is a major 

limiting factor for the characterization of 

petroleum fractions. 

 

Capillary Column GC 

 

High-resolution capillary columns have 

been used to separate individual 

components in gasoline to diesel range 

samples.  Flame ionization detection has 

been used for the quantitative 

determination of each hydrocarbon 

component from its peak area using an 

appropriate response factor. GC data are 

then grouped into different hydrocarbon 

classes by carbon number. (Barman, 2000). 

 Retention indices are used to identify 

components separated by capillary column 

Gas chromatography-Flame ionization 

detection. A combination of retention 

indices and GC-MS is applied to identify 

components in a complex hydrocarbon 

mixture (Steward et al., 1988). GC-FTIR 

and retention indices were used to identify 

components in middle oil fractions from a 

coal tar (Zhang et al., 1997).  The column 

and temperature program profiles 

determine how best the individual 

hydrocarbons can be separated and 

resolved from each other by capillary 

column GC. Generally, many small peaks 

from real-world samples are ignored. 

However, some co-elutions of major petro 

components are encountered, and these 

require closer attention for separation, if 

needed. GC-MS method has also been 

demonstrated for the determination of 

acyclic alkenes in gasoline to light gas oil 

range samples (Roussis and Fedora, 1997). 

 

Multidimensional GC 

 

All multidimensional GC systems utilize 

two or more columns of different polarities 

and selectivities. Multidimensional GC 

allows separation and quantification of the 

hydrocarbon types of light distillates (with 

final boiling point up to 200°C), and the 

separation of each type by carbon number. 

Multidimensional GC can be used for 

paraffins, isoparaffins, olefins, naphthenes, 

and aromatics determinations from light 

distillates, including naphthas, reformates, 

and alkylates (Kosal, 1990). 

 

Gas chromatography combined with 

Atomic Emission Detector 

 

Atomic Emission Detector combines 

microwave-induced plasma excitation with 

optical emission spectroscopy. In Atomic 

Emission Detector, the high temperature 

produced in a He or Ar plasma breaks 

bonds of the GC-eluted molecules and 

excites their constituent atoms to higher 

electronic states. The excited atoms emit 

characteristic frequencies of light. Intensity 

of emission lines at wavelengths 

characteristic of the atoms of interest are 
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then measured. In the case of petroleum, 

major elements of interest for detection by 

GC-AED have been C, H, N, O, S, Pb, Fe, 

Ni, and V (Depauw and Froment, 1997). 

 

Fast GC 

 

Fast GC, is known as high-speed GC, for 

rapid analysis of petrochemical samples 

with adequate resolution. The conventional 

GC analysis time is 30 min or longer. Fast 

GC analysis time can be from less than 1 

min to 10 min for a relatively complex 

sample like gasoline range naphtha. 

Usually, FID, and MS detector have been 

used as detectors for fast GC. Applications 

of fast GC include analysis of permanent 

gases and light hydrocarbons in less than 1 

min, (Yun and Lee, 1996). 

 

Pyrolysis GC 

 

Pyrolysis GC has been applied to obtain 

information on the thermal decomposition 

behavior as well as the composition of 

heavy oil products such as asphaltenes, 

vacuum residua, and coal tars. Usually, a 

pulse heating pyrolyzer with a platinum—

strip sample holder is coupled with a GC 

equipped with Flame ionization detection 

and /or other detectors (Ehrmann and 

Izquierdo, 1994). 

 

Open-Column and Medium Pressure 

Liquid Chromatography 

 

Open-column liquid chromatography 

(OCLC), uses normal adsorbents such as 

silica gel or alumina, for hydrocarbon type 

separation of crud oils.88-91 The 

separation is based on retention and elution 

mechanisms and are carried out using 

appropriate adsorbents and solvents or 

solvent mixtures. Interactions which are 

arising from polarity differences, between 

adsorbent and sample, solvent and sample, 

and solvent and adsorbent execute the 

sample retention process. With appropriate 

adsorbent and solvent, components that 

differ in polarity are displaced inversely 

with their polarity. A successive elution 

with a stronger solvent (with higher 

polarity) is necessary to elute components 

that cannot be moved by a low-polarity 

eluant (Farcasiu, 1977). 

 

High Performance Liquid 

Chromatography: HPLC 

 

HPLC has been applied quite extensively to 

petroleum distillates, and crude oils. Its 

applications include hydrocarbon-type 

separation and determination, as well as 

separation, identification, and, in some 

cases, quantitative determination of target 

compounds in petrochemical samples. 

Hydrocarbon type determinations are 

mostly carried out by HPLC. This is 

primarily due to the solubility and 

compatibility of fossil fuel-derived samples 

with solvents such as saturated 

hydrocarbons used in normal-phase elution. 

Almost all available HPLC detectors have 

been used for detection and quantification 

of petrochemical samples (Neal, 1995). 

 

Supercritical Fluid Chromatography 

  

Supercritical Fluid Chromatography is 

complementary to both GC and HPLC. 

Supercritical Fluid Chromatography can be 

applied to materials that are too heavy to 

meet volatility and thermal stability 

requirements for GC. Above the critical 

point, density and solvating power of a gas 

approach those of a liquid, but viscosity 

and diffusivity remain similar to a gas. The 

combination of both gas-like and liquid-

like properties of a supercritical fluid 

enables the elution of high-molecular-

weight materials and faster solute transport 

within the column. This also results in 

shorter analysis time for Supercritical Fluid 

Chromatography than that for HPLC. 

Although separating power of GC, in most 

cases, is far superior to Supercritical Fluid 

Chromatography, the resolution achievable 

by Supercritical Fluid Chromatography is 

comparable to or better than that by HPLC 

(Roberts, 1995).  
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Thin-Layer Chromatography 
 

Thin-Layer Chromatography, or planar 

chromatography, has been applied 

effectively for qualitative and quantitative 

determination of various crude oil analytes. 

Despite scope and limitations of TLC 

methods, utilizing uni-dimensional, 

circular, and two-dimensional TLC, TLC 

has yet to become a major analytical 

technique in the petrochemical area. This 

technique may have been inferior by other 

chromatographic techniques such as GC, 

SFC, and HPLC for the analysis of various 

types of fuels and related samples (Bharati 

et al., 1994).  

 

Size-Exclusion Chromatography  

 

Unless there are specific interactions 

between column packing and crude oil 

sample components, the molecular size or 

hydrodynamic volume relative to the 

average pore size of the column packing 

determines petrochemical sample retention 

in SEC or gel permeation chromatography 

(GPC). The elution of molecules in SEC is 

bounded by limits representing total 

exclusion and total permeation through 

macroporous particles packed into an SEC 

column. In this method, the high-

molecular-weight petroleum materials elute 

first followed by smaller crude oil 

molecules. This size-based separation of 

component molecules is the basis for the 

determination of molecular weight 

distribution by SEC. SEC is a low-

resolution technique (Hausler and Taylor, 

1981).  

 

Hyphenated or Multitechnique 

Chromatography 

 

A combination of high selectivities and 

resolving capabilities, complementary 

chromatographic techniques can simplify 

the analysis of complex petroleum samples. 

These hyphenated or multitechnique 

chromatography called as multidimensional 

chromatography provide advantages such 

as ease of analysis due to automation, 

simplified sample preparation steps, 

efficient elimination of interfering 

components, better repeatability, 

improvement in quantitation achieved with 

the quantitative transfer as well as 

reinjection of components of interest, and, 

often, more information on sample 

characterization. A multitechnique 

chromatography system, when properly 

chosen and implemented, generates 

efficiency in separation methods. However, 

multitechnique chromatography is more 

difficult to operate than the conventional 

single chromatographic technique. In the 

absence of commercially available 

instruments, the initial setup is often time-

consuming and costly, and effective 

integration of different techniques can be 

challenging to many laboratories, since it 

will need to develop standards of protocol 

too. multitechnique chromatography 

includes- HPLC-GC, HPLC-HPLC, GC-

GC, or SFC-SFC.  Generally, GC is the 

most desirable final chromatographic 

technique for high resolution analyses of 

the separated fractions of crude oil.  

 

Conclusion 

 

This paper has provided a broad review of 

major chromatographic techniques that 

have been applied to the characterization of 

petroleum products. Specific applications 

include determination of hydrocarbon 

types, boiling range distributions and 

molecular weight distributions of 

petrochemical samples. If the growth and 

development are considered, GC is the 

most mature chromatographic technique 

among these. The potentials of techniques 

such as SEC, SFC, and TLC may not yet be 

fully achieved and need more research. 

HPLC seems also an inferior technique. 

There is a need to research for accurate and 

yet cost-effective and easy-to-use 

chromatographic techniques and methods 

that are capable of providing valuable 

information on petrochemical fractions. 

Fast-GC technique is yet underdeveloped. 
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The development of accurate and 

automated chromatographic techniques is 

needed to quality control and follows up of 

regulatory requirements. 
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